vWd that resembles the classic disease in man has also been described in dogs (5) and pigs (5, 6). The purpose of this communication is to describe the long-term culture and properties of normal and vWd porcine endothelial cells and the use of this in vitro culture system for studying the molecular defect(s) in vWd.
general growth characteristics, morphologic features, and ultrastructure. Immunofluorescent staining of these cultures with chicken (or rabbit) antiporcine ristocetin-Willebrand factor sera (or IgG) resulted in extensive perinuclear staining of the cells in both cultures. Additionally, staining of semiconfluent cultures of normal cells for ristocetin-Willebrand factor revealed an extensive meshwork of distinct, immunologically identifiable ristocetin-Willebrand factor-containing filaments between cells. Immunoreactive material was considerably decreased and more diffuse between cells in semiconfluent cultures from affected pigs. Through immunocytochemical staining with peroxidasecoupled antiserum, the filaments (of indeterminate length) were found to have a diameter of approximately 300 A. Finally, washed porcine platelets interacted extensively with scrapedamaged cultures of normal endothelial cells but not with scrape-damaged cultures of affected endothelial cells. This interaction of platelets with damaged normal cultures was abolished by pretreatment of the cultures with rabbit antiporcine ristocetin-Willebrand factor IgG. The classic form of von Willebrand's disease (vWd) is characterized by prolonged bleeding times, decreased platelet retention in glass bead columns, decreased ristocetin-induced platelet aggregation, and decreased Factor VIII coagulant activity and Factor VIII-related antigen. Jaffe et al. (1, 2) have presented evidence that cultured endothelial cells synthesize and release ristocetin-Willebrand factor (RWF) and Factor VIII antigen although no Factor VIII coagulant activity (1, 2) has been demonstrated. Holmberg et al. (3) , using an immunofluorescence staining technique, were unable to detect the presence of RWF in the endothelial cells of patients with vWd. Caen and Sultan (4) have speculated that vWd is due to an endothelial cell abnormality that either prevents them from synthesizing RWF or causes them to synthesize an abnormal RWF. vWd that resembles the classic disease in man has also been described in dogs (5) and pigs (5, 6) . The purpose of this communication is to describe the long-term culture and properties of normal and vWd porcine endothelial cells and the use of this in vitro culture system for studying the molecular defect(s) in vWd.
MATERIALS AND METHODS Preparation and Culture of Cells. No detectable Willebrand factor or RWF could be demonstrated in the plasma of the vWd pigs that were used as the source of vWd aortas. Willebrand factor was determined by Laurell immunoelectrophoresis (7), and RWF activity was measured by ristocetin-induced platelet aggregation assays.
Endothelial cells were obtained from untraumatized, freshly excised normal and vWd porcine aortas (25-35 cm long) by collagenase treatment (0.5 mg/ml, CLS, Worthington Biochemical Corp., Freehold, NJ) for 15-20 min at 37°. Collagenase-treated aortas were rinsed twice with RPMI-1640 medium (GIBCO), and the endothelial cells were removed, in complete medium, by gentle agitation as described for bovine aortic endothelial cells (8) . The complete medium consisted of RPMI-1640 medium, 15 mM N-2-hydroxyethylpiperazine-N'-2-ethanesulfonic acid (Hepes) buffer, penicillin (100 units/ml), streptomycin (50,ug/ml), neomycin (200 units/ml), 2 mM fresh glutamine, and 20% fetal calf serum or 20% porcine serum (the calf and porcine sera were heat-deactivated at 560 for 30 min). The final complete culture medium was adjusted to pH 7 (1977) .5703 Ross (9) . These cells could be serially subcultured and were identified as smooth muscle cells by their characteristic growth, morphologic, and ultrastructural properties (9 resuspended in modified TBSS, essentially as described (13) .
Platelet-endothelial cell interactions were terminated after 4 min; the cover slips were rinsed three times with modified TBSS and then fixed and stained with methvlene blue as described (13) .
Platelets were obtained from freshly drawn porcine blood containing ACD (0.8% citric acid/2.2% sodium citrate/2.45% dextrose) as anticoagulant; 1 ml of ACD per 8 ml of blood. Platelets were isolated by differential centrifugation as described for bovine platelets (13) normal and three separate vWd porcine aortas were serially subcultured and maintained for [8] [9] [10] [11] [12] [13] [14] months (10-24 passages) and 10-14 months (18-22 passages), respectively. All these cells retained their closely opposed tight packing and population doubling times (approximately 22-28 hr) and formed confluent monolayers as readily as did primary cultures.
Electron Microscopy. Normal and vWd cultured cells (primary and subcultures in 2nd, 5th, 9th, and 12th passages) were ultrastructurally similar to in vivo porcine aortic endothelial cells.
The cells in all cultures were oval to fusiform in shape and had centrally located electron-lucent nuclei with prominent nucleoli. An abundance of rough endoplasmic reticulum and many mitochondria with transverse cristae and electron-opaque matrices were observed randomly positioned throughout the peripheral cytoplasm (Fig. 1) . The perinuclear cytoplasm was characterized by the presence of extensive Golgi regions comprised of vesicles and flattened saccules. Membrane-enclosed tubular structures often resembling Weibel-Palade bodies were found in some of the cells. This observation was infrequent: these organelles were noted in only two or three out of several hundred cell sections studied. Cultured porcine aortic endothelial cells (normal and vWd) were ultrastructurally distinct from cultured smooth muscle cells from the same source.
Immunofluorescence Studies. Low-intensity immunofluorescence staining for RWF was associated with entire cells in normal primary and subcultured (3rd, 7th, 11th, and 13th passages) porcine aortic endothelial cell cultures. The staining was most prominent in the perinuclear region of these cells (Fig.  2 left) . Similar results were obtained when either monospecific chicken antiporcine RWF serum or rabbit antiporcine RWF IgG fraction was used. Cellular and perinuclear staining were completely abolished by adsorption of the chicken antiserum or rabbit IgG fraction with purified porcine RWF. Immunofluorescent staining for RWF was also observed in entire cells, most prominently in the perinuclear region, of vWd primary cultures and subcultured (2nd, 5th, 9th, and 17th passages) cells (Fig. 2 right) . Although the apparent extent of perinuclear staining for RWF was similar in normal and vWd endothelial cells, the nature of the staining was different. In general, perinuclear staining in normal cells appeared somewhat more diffuse as compared to the more granular staining observed in the vWd cells.
In addition to the cellular and perinuclear staining for RWF observed in these cells, treatment of semiconfluent cultures (normal and vWd) with monospecific chicken (or rabbit) antiserum to purified porcine RWF showed the presence of an extensive meshwork of distinct immunofluorescent filaments in the spaces between normal porcine cells (Fig. 3 upper) . The immunofluorescence in the spaces between vWd porcine cells was more diffuse and considerably decreased (Fig. 3 lower) . Distinct (Fig. 4 left) . When observed at high magnification, the electron opaque 3,3'-diaminobenzidine oxidation product appeared to enshroud a filament having a diameter in the range of 300-400 A (Fig. 4 right) . No peroxidase reaction was associated with smaller filaments.
Similar treatment of vWd subcultured (7th and 12th passages) endothelial cells did not show any extracellular horseradish peroxidase-decorated material. None of the reaction controls with either the normal or the vWd cultured cells showed specific intracellular or extracellular staining.
Platelet-Endothelial Cell Interaction. Washed normal porcine platelets resuspended in modified TBSS did not interact with undamaged confluent normal porcine aortic endothelial cells in culture. However, confluent normal cultures that were damaged by scraping reacted extensively with platelets at the exposed sites of damage. This in vitro interaction of platelets with exposed subendothelial microfilaments, described previously (13), was not affected in damaged normal control endothelial cell cultures pretreated with nonimmune rabbit IgG fraction (Fig. 5) . Pretreatment of damaged normal endothelial cell cultures with monospecific rabbit antiporcine RWF IgG fraction, however, abolished all platelet interaction. In the case of vWd endothelial cell cultures, no platelet interaction was observed with either the damaged vWd control cultures pretreated with nonimmune rabbit IgG fraction or with the damaged vWd cultures pretreated with monospecific rabbit antiporcine RWF IgG fraction (Fig. 5) .
DISCUSSION
Normal and vWd porcine aortic endothelial cells have been established in long-term culture. These cells exhibit the same characteristic ultrastructural properties as those described for bovine and porcine aortic (8, 14) and human umbilical cord endothelial cells (15, 16 porcine aortic endothelial cells exhibit differences in the distribution and nature of immunologically detectable RWF as well as decreased platelet interaction. This culture system, therefore, provides a unique model system for studying the molecular defect(s) of this disease in vitro.
